Comparison of Stomach Contents of Smallmouth Bass Collected by Sport Fishermen and Electroshocking by Ross-Darrus, Lyne Marie
Loyola University Chicago 
Loyola eCommons 
Master's Theses Theses and Dissertations 
1994 
Comparison of Stomach Contents of Smallmouth Bass Collected 
by Sport Fishermen and Electroshocking 
Lyne Marie Ross-Darrus 
Loyola University Chicago 
Follow this and additional works at: https://ecommons.luc.edu/luc_theses 
 Part of the Biology Commons 
Recommended Citation 
Ross-Darrus, Lyne Marie, "Comparison of Stomach Contents of Smallmouth Bass Collected by Sport 
Fishermen and Electroshocking" (1994). Master's Theses. 4089. 
https://ecommons.luc.edu/luc_theses/4089 
This Thesis is brought to you for free and open access by the Theses and Dissertations at Loyola eCommons. It 
has been accepted for inclusion in Master's Theses by an authorized administrator of Loyola eCommons. For more 
information, please contact ecommons@luc.edu. 
This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 License. 
Copyright © 1994 Lyne Marie Ross-Darrus 
LOYOLA UNIVERSITY OF CHICAGO 
COMPARISON OF STOMACH CONTENTS OF SMALLMOUTH BASS 
COLLECTED BY SPORT FISHERMEN AND ELECTROSHOCKING 
A THESIS SUBMITTED TO 
THE FACULTY OF THE GRADUATE SCHOOL 
IN PARTIAL FULFILLMENT FOR THE DEGREE OF 
MASTER OF SCIENCE 
DEPARTMENT OF BIOLOGY 
BY 
LYNE MARIE ROSS-DARRUS 
CHICAGO, ILLINOIS 
MAY 1994 
Copyright by Lyne Marie Ross-Darrus, 1994. 
All rights reserved. 
ACKNOWLEDGEMENTS 
My gratitude and thanks to: 
Jan Savitz, Professor of Biology, Loyola University, who was my academic 
advisor, mentor, and friend. Thank you for your assiduous contribution to this project, 
ongoing guidance, and splendid friendship. 
Gerald Funk, Associate Professor of Mathematical Science, Loyola University, 
who served as a member of my thesis committee and contributed countless hours to the 
statistical analysis of my data. 
Warren Jones, Associate Professor of Biology, Loyola University, a member of 
my thesis committee. 
Many people at the Max McGraw's Wildlife Foundation for help during the 
course of this project including, but not limited to, Victor Santucci, Alan Wilson, and 
several staff members, who participated in many angling trips. 
Philip, Geraldine, and Jennifer Ross, who have always offered favor and 
encouragement throughout all my academic endeavors. 
Last, but not least, Thomas P. Darrus, for his support throughout this project. 
111 
TABLE OF CONTENTS 
ACKNOWLEDGEMENTS ................................. iii 
LIST OF ILLUSTRATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v 
LIST OF TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vi 
Chapter 
1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
2. STUDY AREA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
3. MATERIALS AND METHODS . . . . . . . . . . . . . . . . . . . . 5 
4. RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
5. DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
6. CONCLUSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
Appendix 
1. ILLUSTRATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 
2. TABLES OF DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
BIBLIOGRAPHIC REFERENCE MATERIALS . . . . . . . . . . . . . . . . . . . 24 
VITA ............................................. 26 
IV 
LIST OF ILLUSTRATIONS 
Figure Page 
1. Entire Bathymetry Map of Pond One . . . . . . . . . . . . . . . . . . . . . . . 15 
2. Length Distribution of Smallmouth 
Bass in Ponds One and Two . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
3. Length Distribution of Angled and 
Electrofished Smallmouth Bass . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
4. Prey and Pond Distribution of 
Angled Smallmouth Bass .............................. 18 
5. Prey and Pond Distribution of 
Electrofished Smallmouth Bass ........................... 18 
6. Prey Distribution of Angled and 
Electrofished Smallmouth Bass ........................... 19 
7. Prey Distribution of Large Angled 
and Electrofished Smallmouth Bass 
Without Empty Stomachs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
v 
LIST OF TABLES 
Table Page 
1. Diet Breakdown of Smallmouth Bass . . . . . . . . . . . . . . . . . . 22 
2. Diet Breakdown of Smallmouth Bass 




Often times, due to a lack of funds and personnel, conservation departments use 
fishermens catches to determine various parameters of fish populations including fish 
diets (Mccomish & Miller 1976; Savitz et al 1984; Janssen et al 1987), population 
estimates (Peterman & Steer 1981; Farman et al 1982; Bannerot & Austin 1983; Deriso 
& Parma 1987), mortality estimates (Ebbers 1987), age determination (Green et al. 
1986; Miranda et al. 1987; Whitworth 1989), etc. For some species in large bodies of 
water such as Lake Michigan, e.g. largemouth bass (Weiss-Glanz & Stanley 1984), 
chinook salmon, and coho salmon (Janssen et al 1987), it was impractical to sample by 
conventional methods. Therefore angler-supplied data was used. The use of these data 
assumed that sport fishermens catch was an unbiased sample of the actual population. 
This might not be true due to variations in fishing methods such as baits used, areas 
fished, etc. In actuality, Gabelhouse and Willis (1986) found that, in the case of 
largemouth bass, Micropteres salmoides, anglers intentions caused biases in their catch. 
At the Max McGraw Wildlife Foundation, a hunting and fishing establishment where 
the research was performed, only artificial lures and worms were allowed for fishing 
to prevent the introduction of unwanted species into the ponds. This had the potential 
to bias the results. In contrast, electrofishing is a technique that operates in shallow 
water and had been proven to provide a random sample (Larimore 1961). 
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The purpose of this project was to determine whether or not it was acceptable 
to use creel surveys to approximate a.) length-frequencies orb.) diets of smallmouth 
bass, Micropterus dolomieui, populations, and c.) to conclude if sport fishermens 
catches provided unbiased samples of the smallmouth bass population. 
CHAPTER 2 
STUDY AREA 
Max McGraw Wildlife Foundation was a members-only fishing and hunting 
establishment in Dundee, Illinois. There were several large ponds on the premises and 
two of them were sampled in this study. The use of live bait, with the exception of 
worms, was strictly prohibited to prevent the introduction of unwanted species. 
Gravel Pit One, or Pond One, was a 12.14 hectare (30 acre) reclaimed gravel 
pit which had a maximum length, width, and depth of 758, 207, and 12.2 meters 
respectively (Bryan 1985). The lake had a peninsula protruding from the south shore 
and shallow flats extend west of this peninsula. Steep dropoffs occur around the edge 
of the lake and there were two small islands in the northwest region with shallow flats 
extending north and west (Bushman 1988) (Figure 1). 
Gravel Pit Two, or Pond Two, is a 5.67 hectare (14 acre) reclaimed gravel pit 
which was dug in 1985 and was located across a small road from Gravel Pit One. The 
distance between the two ponds is approximately 10 meters. Frequent flooding and fish 
migration between the ponds occur. The first of such resulted in the initial filling and 
stocking of Gravel Pit Two in 1985 (V. Santucci, Max McGraw Wildlife Foundation, 




In addition to smallmouth bass, Micropterus dolomieui, other common species 
were largemouth bass (Micropterus salmoides), green sunfish (Lepomis cyanellus), 
bluegill (Lepomis macrochirus), hybrid bluegills (Lepomis macrochirus x Lepomis 
cyanellus), yellow perch (Percaflavescens), yellow bullheads (Ictalurus natalis), black 
bullheads (Ictalurus melas), walleye (Stizostedion vitreum), and chubsuckers (Erimyzon 
sucetta) (Savitz et al 1993). 
CHAPTER 3 
MATERIALS AND METHODS 
Smallmouth bass were collected by angling and electrofishing between June 11, 
1993 and October 18, 1993 once a week, weather permitting. Artificial lures were used 
throughout angling. Max McGraw Wildlife Foundation members also fished these lakes 
and brought their catch to the McGraw staff to have it cleaned free of charge. In such 
cases, the staff member removed the bass' stomach and froze it for future analysis. 
There were a total of eight electrofishing expeditions, four on each pond. This resulted 
in a total of 4.42 hours of electrofishing on Pond One and 4.25 on Pond Two. The 
entire perimeters of both ponds were electrofished at night. Perimeters included both 
shallow flats and steep dropoffs. Savitz (1993) had tracked smallmouth bass in these 
ponds and found that they remain in shallow waters and set up home ranges there. 
Since electrofishing was effective only in shallow water, and this was where the 
smallmouth bass were, the area sampled was as close to the edge of the water as 
possible. The perimeters of the two small islands of Pond One were electrofished also. 
Due to the clarity of the water, night electrofishing proved to be most beneficial. 
While daylight, the water was so lucid that the fish were able to see the approaching 
electrofishing boat and swim out of its range before sampling was possible. Since the 
conductivity of the water was low, approximately 600 micromoles (J. Savitz, Loyola 
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University, personal communication), electrofishing was performed with DC current 
at levels under five amperes. 
Once the bass was captured, total length (mm) and weight (g) of the bass were 
measured, stomach contents removed with clear acrylic tubes (Van Den Avyle & 
Roussel 1980), and the fish was released. The length of time a fish was held before 
stomach content removal was kept to a minimum, usually less than .5 hr, to reduce 
biases due to digestion rates (Cochran & Adelman 1982). Stomach contents were 
examined in the laboratory and were identified to family or species, if possible. If the 
prey item was a fish its caudal length and body width was recorded to the nearest 
millimeter. If the prey item was a crayfish, its carapace and/or cephalothorax length 
was recorded to the nearest millimeter. Wet weight (g) and volumetric displacement 
(ml) of prey items were measured for each stomach. 
CHAPTER 4 
RESULTS 
There were 213 smallmouth bass captured. Of these, 79 were angled with a 
mean total length of 32.5 cm and ranged from 15.6 cm to 52.0 cm. The remaining 134 
were caught by electrofishing and had a mean length of 26.2 cm and ranged 8.0 cm to 
47.1 cm. 
The data was separated by ponds and total lengths were compared. 
Kolmogorov-Smimov two-sample test (p = .262) and two-sample t-test (p = .187) 
were run. It was shown that there was not a significant difference between length-
frequencies of smallmouth bass in Ponds One and Two. Therefore, this data could be 
combined (Figure 2). 
Data was divided according to capture method. Upon superficial observation, 
it appeared that the total lengths of the angled fish were larger than the electrofished. 
Kolmogorov-Smimov two-sample test (p < .001) and a two-sample t-test (p < .001) 
were run. There was a very highly significant difference in the total length-frequencies 
of the bass depending on which capture method was utilized (Figure 3). Anglers simply 
did not catch small fish in proportion to their abundance in the population sample. 
Of the 213 total bass, 93 had empty stomachs, 113 had only one prey type, and 
seven had more than one prey type in its stomach. Of the stomachs that contained 
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food, 55 had crayfish, 46 fish, and 19 were cataloged as 'other'. If a bass' stomach 
contained more than one prey item, an unusual item, or unidentifiable prey due to 
extreme digestion it was put in this category (Table 1). Since the only crayfish species 
that existed in the ponds at the time of the study was Orchonectes virilis (V. Santucci, 
Max McGraw Wildlife Foundation, personal communication) all the crayfish prey were 
similarly Orchonectes virilis. The 46 fish consisted of 39 Lepomis and seven young of 
the year Lepomis. Two black bullhead minnows (lctalurus melas) were also found as 
prey but these were in combination with other prey items and were therefore listed as 
other. The other category contained seven stomachs with more than one prey item, five 
insects, three miscellaneous items, and four unidentified items due to excessive 
digestion. Of the miscellaneous items, there was a whole toad, a mouse, and what was 
believed to be amphibian femurs in the stomachs. 
Linear, quadratic, and cubic multiple logistic regression models were used which 
included several interaction terms. The independent variables included total length, 
capture method, date of capture, and pond. The outcome, or dependant, variables were 
modeled as log [(probability of prey item)/(probability of empty stomach)]. The best 
fit model to the data was a multiple logistic regression fitting quadratic functions in 
length, capture method, date of capture, pond, and interactions as independent 
variables. This model demonstrated a very highly significant difference in prey items 
of angled bass between the ponds (likelihood ratio chi-square = 54.1476, p < .001) 
(Figure 4), yet no difference in prey items of electrofished bass in either pond 
(likelihood ratio chi-square = 8.0592, 0.25 < p < 0.50) (Figure 5). Overall, a very 
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highly significant deviation in prey items between angled and electrofished bass existed 
(likelihood ratio chi-square = 69.9796, p < .001) (Figure 6). 
To further demonstrate that dissimilarities in prey were not due to lengths of 
bass or empty stomachs, smallmouth bass diet was segregated by capture method and 
size of fish. Large bass were arbitrarily defined as equal to or greater than 30 cm. An 
Analysis of Variance (p = 0.6430) and Kolmogorov-Smimov two sample t-test (p = 
0. 761) proved that there was not a significant difference in the length-frequency of large 
bass captured by angling or electrofishing. Angling and electrofishing in the two 
groups demonstrated differences in the proportions of prey items. A chi-square 
maximum likelihood ratio test (p = 0.0298), like the quadratic model, confirmed a 
significant difference between the prey items of large angled and electrofished bass 
(Figure 7). For that analysis, the prey items were grouped as crayfish and all other 
food types. Finally, a chi-square maximum likelihood ratio test was run only on the 
large bass with empty stomachs and there was not a significant difference (p = 0.6173) 
in the number of empty stomachs between the angled and electrofished bass. 
The Kolmogorov-Smimov two sample t-tests and two sample t-test were 
computed using SYSTAT. The multiple logistic regression and chi-square likelihood 
ratio tests were computed using SAS. 
CHAPTER 5 
DISCUSSION 
The length-frequency distribution between the ponds was similar. The ponds 
were separated by a small road and often flooded into one another during periods of 
heavy rainfall. In fact, Pond Two was stocked when Pond One flooded over and its 
fish migrated into Two. Hence, it was expected that the two ponds would have similar 
populations. It was determined that the total length-frequency of bass in the ponds were 
not significantly different therefore it was acceptable to combine the data into a single 
data set. 
Angling and electrofishing produced disparate length-frequency distributions. 
Small fish were not caught by the anglers in proportion to their abundance in the 
population. Santucci and Wahl (1991) established a difference between length-
frequency distributions of small ( ~ 14 cm) largemouth bass caught by angling and 
electrofishing yet found no difference when looking at large ( > 25 cm) largemouth bass. 
An analysis of these data showed that there was a significant difference in length of 
angled and electrofished smallmouth bass that were less than 30 cm in length and had 
food in their stomachs. In contrast, there was not such a difference in the bass equal 
to or more than 30 cm in total length. Ergo, the overall difference in the length-




A variation in prey items between Ponds One and Two existed. The variation 
was due to dissimilar diets of angled bass between the ponds. If angling imparted a 
true portrayal of the pond population and the populations were analogous, as in this 
case, this would not occur. Electrofishing data, which had been shown to be an 
unbiased technique, did not demonstrate such a difference (Larimore 1961). 
Consequently, there is evidence that angling does not provide a factual cross section of 
the population. While Santucci and Wahl (1991) found no difference in mean stomach 
volume of angled and electrofished largemouth bass, this project concentrated on the 
actual prey items in the diet and found distinct differences between the two capture 
methods. This indicates that angling cannot be used to estimate population parameters 
such as diet. 
Angled bass contained more crayfish than electrofished bass and electrofished 
bass contained more fish than angled bass. The prey data was tested both with and 
without the empty stomachs to discredit the possibility that the high number of empty 
stomachs could bias the data. Both led to the conclusion that there was a very highly 
significant difference. The empty stomachs did not effect the prey data. There was not 
a significant difference in the number of empty stomachs which were angled and 
electrofished. It appeared that the discrepancy was the result of the anglers technique 
which, often times, was developed over time. Anglers routinely use what had proven 
successful in the past and usually do not evolve from this. Because of this, they may 
not be sampling the entire population. They are more likely to only be sampling the 
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portion of the population that was vulnerable to their techniques. Further study in this 
area would be beneficial. 
Differences in angling are due to a number of factors. The individual fisherman 
as well as his/her choice of baits, lures, angling techniques, area fished, etc. can be 
responsible for much of this variety. Certainly, a contradiction was discovered between 
the total lengths and prey of angled and electrofished bass. Thus, it is inappropriate 
to use angling information to approximate the parameters of entire populations. For a 
truly accurate assessment, a more random method of sampling, such as electrofishing, 
would be required. 
CHAPTER 6 
CONCLUSION 
Angling had limited use in describing the population parameters of smallmouth 
bass. It was not acceptable to use length-frequency distributions of small ( < 30 cm) 
angled smallmouth bass to estimate the population. However, large (~30 cm) angled 
smallmouth bass could have been utilized to estimate length-frequencies of similarly 
large smallmouth bass. Despite the size, angled and electrofished smallmouth bass 
contained very different prey items. Consequently, angling could not be used to 
describe smallmouth bass diets. Some bodies of water simply cannot be sampled by 
electrofishing due to size, depth, etc. If angling was employed, it must be utilized with 

























0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 
TOTAL LENGTH (cm) OF SMALLMOUTH BASS 
1111 POND 1 II POND 2 I 










0 7 -z 
w 
:::> 6 







0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 
TOTAL LENGTH (cm) OF SMALLMOUTH BASS 
111 ANGLED IE ELECTROFISHED I 















EMPTY CRAYFISH FISH OTHER 
PREY IN SMALLMOUTH BASS' STOMACH 
!•ANGLED, POND 1.ANGLED, POND 2 I 
















EMPTY CRAYFISH FISH OTHER 
PREY IN SMALLMOUTH BASS' STOMACH 
I• ELECTROFISHED, POND 1 • ELECTROFISHED, POND 2 I 


















EMPTY CRAYFISH FISH OTHER 
PREY IN SMALLMOUTH BASS' STOMACH 
l 11 ANGLED BASS II ELECTROFISHED BASS] 








60 -~ 55 -> 50 
~ 45 
~ 40 









CRAYFISH FISH OTHER 
PREY IN SMALLMOUTH BASS' STOMACH 
11111 ANGLED BASS Ill ELECTROFISHED BASS I 
Figure 7: Prey Distribution of Large Angled and Electrofished Smallmouth Bass Without Empty Stomachs. 
APPENDIX 2 
TABLES OF DATA 
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TABLE 1 




























DIET BREAKDOWN OF SMALLMOUTH BASS 
BY CAPTURE METHOD AND SIZE 
23 
Angled Bass Electrofished Bass 
< 30 cm ~ 30cm < 30cm ~ 30cm 
21 15 48 9 
1 27 15 15 
5 4 26 8 
3 3 8 5 
30 49 97 37 
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